OBJECTIVES: Sample extraction from the thoracic cavity through an intercostal space during video-assisted thoracoscopic surgery can result in cancer cell contamination by tumour crushing and tumour cell extravasation, and may have adverse effects on the surgical outcome. Lavage cytology of the sample extraction bag was investigated to clarify the risk of cancer cell spillage and identify the clinicopathological features associated with susceptibility to cancer cell spillage during extraction.
INTRODUCTION
During the past decade, video-assisted thoracoscopic surgery (VATS) has evolved to become the standard approach in thoracic surgery. VATS lobectomy has been universally performed for treatment of primary lung cancer, especially early-stage lung cancer [1, 2] . VATS is sometimes selected for the treatment of advancedstage lung tumours >3 cm in diameter and in cases of nodal involvement. The oncological outcome of VATS lobectomy for such cases of advanced lung cancer remains controversial [3] because VATS is associated with some disadvantages in en bloc resection and lymph-node dissection [4, 5] . Furthermore, VATS lobectomy for lung tumours larger than an intercostal space (ICS) is associated with the risk of cancer cell spillage during sample extraction from the thoracic cavity, leading to cancer cell contamination. This risk may increase with larger tumours, a more insufficient surgical margin and pleural invasion because the tumour sample within the bag is compressed by the ICS.
In this study, cytology of the sample extraction bag lavage fluid during VATS lung resection for primary lung cancer was investigated to evaluate the risk of cancer cell spillage and to clarify the clinicopathological characteristics associated with positive bag lavage cytology (BLC). These results may help to identify patients with susceptibility to cancer spillage during extraction procedures via VATS.
PATIENTS AND METHODS
In total, 464 patients underwent BLC during VATS for primary lung cancer at Jichi Medical University and Jichi Medical University Saitama Medical Center between January 2010 and December 2012. The hospital records of the patients were reviewed. Patients with malignant pleural effusion, positive pleural lavage cytology (PLC) findings and tumour invasion to the parietal pleura and mediastinal tissue were excluded. Four patients were also excluded when the bag ruptured and/or the tumour cracked during extraction.
Surgical procedures
Each patient was placed in the lateral decubitus position under general anaesthesia with selective one-lung ventilation. A thoracostomy of 2-3 cm at the fifth or sixth ICS was created along the midaxillary line to allow the advancement of a 45°thoraco-scope through a 10.5-mm trocar or wound retractor (Alexis; Applied Medical, Rancho Santa Margarita, CA, USA). Three or four utility ports of 1-2 cm were created in the anterior axillary line (at the third or fourth ICS and fifth or sixth ICS) and in the posterior axillary line (at the fifth or sixth ICS and seventh or eighth ICS) and protected with a 5-or 10.5-mm trocar. The major vascular branches and pulmonary parenchyma were transected with a stapler. The lobar and segmental bronchi were closed with a stapler. The minor vascular branches and small bronchi were ligated with sutures. The lung tissue including the tumour was removed by wedge resection, segmentectomy or lobectomy depending on whether a preoperative diagnosis had been established or on whether an intentional or palliative limited operation was being performed. Anatomical pulmonary resection (segmentectomy or lobectomy) was subsequently completed in 82 of 83 patients when the intraoperative diagnosis was lung cancer after wedge resection. The sample was extracted in a plastic bag (LiNA Bag; Proseed Co., Ltd, Tokyo, Japan or MemoBag; Teleflex, Athlone, Ireland). The skin incision of one port was extended only as long as necessary for the size of the sample. BLC was performed by washing the sample extraction bag with 30 ml of physiological saline immediately after the tissue was removed from the bag.
Data collection
Data collected from the medical records included the BLC result, age, sex, standardized uptake value (SUV) of positron emission tomography (PET), operative procedure, pathological findings, survival time and death or survival (all death or censored). In this study, the postoperative pathological evaluation was performed by each institute's pathologist according to General Rule for Clinical and Pathological Record of Lung Cancer (seventh edition) by the Japanese Lung Cancer Society [6] . The pathological T ( pT) and N ( pN) scores were determined according to the seventh edition of tumour-node-metastasis (TNM) classification. Pleural invasion and vascular invasion were evaluated by the pathologist. Visceral pleural invasion was classified into positive and negative groups: positivity was diagnosed when the tumour invaded beyond the external elastic membrane of the lung parenchyma. Vascular invasion was also classified into positive and negative groups; positivity was diagnosed when the tumour invaded the vascular and/or lymphatic vessels.
Statistical analysis
In the background analysis, age, sex, SUV of PET, tumour resection procedure, pathological stage ( p-Stage), histological type, longest tumour diameter, pN score, pleural invasion, vascular invasion and pattern of relapse were compared between the BLC-positive and BLC-negative groups. Differences were statistically evaluated using a t-test for numerical variables and a χ 2 test for categorical variables. A P-value of <0.05 was considered statistically significant. Survival curves were generated via the Kaplan-Meier method, and statistical differences between the BLC-positive and BLC-negative groups were evaluated by the log-rank test. Multivariate analysis using a Cox proportional hazards model (Cox analysis) was also performed to evaluate the significance of factors related to BLC-positive findings and prognostic factors. Statistical analyses were performed using the StatMate IV software package (ATMS, Tokyo, Japan).
RESULTS
The incidence of BLC-positive findings was 13.6% (63/464). In the background analysis, the longest tumour diameter, SUV of PET, p-Stage, pN score, pleural invasion and vascular invasion showed statistically significant differences between the two groups ( Table 1) . With regard to the histological findings, the incidence of BLC-positive findings was significantly higher in patients with papillary-predominant adenocarcinoma than in those with other types of adenocarcinoma, while there was no significant difference between the adenocarcinoma and non-adenocarcinoma groups. The relapse rate (P = 0.78) and relapse pattern (P = 0.72) showed no statistical differences between the two groups. The overall survival (OS) curves of the two groups showed no significant differences (Fig. 1 ). Among patients with Stage I lung cancer, the OS curve of the BLC-positive group was significantly worse than that of the negative group (Fig. 2) .
In multivariate analysis of the 256 patients diagnosed with adenocarcinoma and who had all six factors (tumor size, SUV of PET, pN score, visceral pleural invasion, vascular invasion and histology), there are no factors significantly correlated with BLC positivity. But papillary-predominant adenocarcinoma was relatively associated with the incidence of BLC positivity (Table 2) . Multivariate analysis of OS of the 307 patients who underwent PET-computed tomography among all 360 patients with Stage I lung cancer showed that BLC positivity was a predictive factor (Table 3) .
DISCUSSION
Advantages of VATS over thoracotomy, namely less wound pain, fewer pulmonary complications and a shorter hospital stay, have been strongly suggested in previous studies [7, 8] . However, controversy remains regarding whether VATS lobectomy can reduce the local recurrence rate and improve the long-term survival rate in patients with early-stage non-small-cell lung cancer [9] . Yan et al. [10] reported a significantly lower systemic recurrence rate in the VATS group than in the thoracotomy group, while there was no statistically significant difference in the loco-regional recurrence rate. Flores et al. [11] performed a retrospective cohort study to evaluate differences in recurrence and showed that both loco-regional and systemic recurrence rates were lower in the VATS group. Several reports have recently shown that the shortterm and long-term survival rates in patients undergoing VATS were more favourable than or equivalent to those in patients undergoing thoracotomy [12] [13] [14] [15] .
VATS has been more recently selected for advanced-stage lung tumours >3 cm in diameter and with nodal involvement. However, the oncological outcome of VATS lobectomy for such advanced lung cancer remains controversial [3] because VATS is associated with some disadvantages in en bloc resection and lymph-node dissection [4, 5] . Furthermore, larger, more advanced cancers are associated with a higher risk of cancer cells spreading throughout the sample collection bag during extraction from the thoracic cavity during VATS than are early-stage lung cancers. Surprisingly, the incidence of BLC positivity in this study was estimated at 13.6% despite the fact that PLC-positive patients were ORIGINAL ARTICLE T. Nakano et al. / Interactive CardioVascular and Thoracic Surgeryexcluded. These results suggest that extraction procedures might result in contamination of cancer cells in the thoracic cavity and chest wall even with no damage to the bag. Extraction of a sample collection bag should be carefully manoeuvred. These results also suggest that the incidence of BLC positivity is related not only to tumour size and pleural invasion but also to vascular invasion and histological type. As a result, BLC positivity is associated with a poor prognosis in patients with early-stage lung cancer.
PLC positivity is a significantly poor prognostic factor independent of TNM staging, and is related not only to local recurrence but also to distant metastasis [16] . PLC positivity reportedly ranges from 3.0 to 7.2% [16] [17] [18] [19] [20] . Patients with PLC positivity and ruptured tumour within the extraction bag were excluded from this study. BLC positivity was a result of cancer cell spillage caused by surgical manipulation and extraction compression within the bag during VATS. The BLC positivity rate was as high as 9.9% (19/191) after wedge resection or segmentectomy in which the surgical margin tended to be insufficient compared with more extensive resection. Higashiyama et al. [21] reported that intraoperative lavage cytological analysis of surgical margins by collecting the saline solution used to wash the stapler cartridge and/or pleural surface of the resected lung after wedge resection or segmentectomy showed a positivity rate of 10%. In the present report, susceptibility to positivity may have been related to insufficient margin from the primary tumour and pleural invasion. Mechanical factors mainly accounted for higher BLC positivity rate in patients with larger tumours, pleural invasion, tumour crushing and tumour cell extravasation through the ICS during VATS lung resection. The results of this study also showed that oncological characteristics such as vascular invasiveness and papillary-predominant adenocarcinoma account for high rates of BLC positivity. In one study, three-fourths of patients with papillary adenocarcinoma of the lung had a micropapillary component [22] . Lung adenocarcinoma with a micropapillary component is more invasive and more likely to metastasize [23] , because micropapillary cancer cells have less adhesive oncological characteristics in association with their immunohistochemical expression of the E-cadherin-mediated system and IQ motif containing GTPase Activating Protein 1 [24] . Susceptibility to BLC positivity may also be related to tumour cell adhesiveness, which leads to extravasation during the extraction procedure. BLC positivity as influenced 
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In conclusion, the incidence of BLC positivity was higher than expected in this study. The sample extraction bag must be carefully manoeuvred through the ICS to prevent cancer cell dissemination. BLC positivity can merely suggest an insufficient surgical margin, but invasive oncological characteristics may be associated with a poor prognosis for patients with completely resected earlystage lung cancer. These findings suggest the need for more extensive pulmonary resection and postoperative adjuvant therapy in patients with Stage I lung cancer.
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